Peat soil is a type of soil that dominates the island of Borneo. Typical compounds in peat soil is humic acid. Various in vitro studies performed have shown peat subtropical humic compounds can stimulate the immune system. However, in vivo study on animal has not been done. This study aimed to determine the effect of humic acid extracted from peat soil of Borneo against the immune system, both of non-specific and specific immunity Wistar rats (Rattus novergicus). Research using a completely randomized design with five treatments and five replicates, the normal controls, a positive control (isoprinosine), humic acid 125; 250; 500 mg/kg. Humic acid was administered orally for 10 days. The results showed humic acid adduction did not significantly affect levels of hemoglobin, erythrocytes and hematocrit. Humic acid adduction of 125 mg/kg significantly affects the total leukocyte count and differential leukocyte. Humic acid 125 mg/kg also showed increased phagocytic index better than normal controls. All humic acid treatments do not provide a significant effect on the total amount of antibody. The results of this study can be used for the development of Borneo tropical peat resources as natural imunostimulant.
Humic acid extraction method refers to IHSS method (2012) that is based on strong acid precipitation and solubility in a weak base. Peat soil, which had been cleared of gravel and plant roots, weighed 40 grams and extracted with 400 mL of 0.1 M NaOH for 4 hours while was shaken using a shaker. The mixture was deposited for one night. The filtrate was taken and filtered several times with cotton.
The filtrate was added to a solution of 6 M HCl acid until pH 2. Then the filtrate was shaken using a shaker and deposited for one night. The filtrate was centrifuged again (3500 rpm for 20 minutes) to separate the humic acid fraction (sediment) and fulvic acids (supernatant). Centrifugation was repeated several times until the separation is complete in order to obtain sediment humic acids. Then the humic acid extract was made in a predetermined concentration.
Measurement of hematologic parameters was done on the 10 th day after being given humic acid. Rats were anesthetized with chloroform. Blood samples were taken from the rat heart (cardiac puncture) and were accommodated in microtube contain EDTA as anticoagulant. The number of leukocytes and erythrocytes was calculated by hemocytometer. The Hb level was determined by the Sahli method. The percentage of hematocrit was measured using hematocrit tubes centrifuge. Tubes were centrifuge at 10,000 rpm for 2 minutes. The differential white blood cell was calculated using smeared blood cell preparat with Giemsa dye (Gunarso, 1989) . Differential white blood cells were differentiated into lymphocytes, monocytes, neutrophils, basophils and eosinophil then displayed as a percentage.
After 10 days, all rats were injected intraperitoneally with 1 mL suspension of Staphylococcus aureus and incubated foranhour. Rats were anesthetized with chloroform and then dissected in abdomen. Peritoneal fluid was taken using a micropipette. Peritoneal fluid was smeared on glass objects and fixed with methanol. After drying, smeared object was stained by Giemsa and dried until 20 minutes, then it was rinsed with running water. Macrophage cells were observed and counted under oil immersion using a microscope with a magnification (10x-100x). Phagocytic activity which was determined by the number of phagocytic cells are active phagocytosis in phagocytic cells 100 (Kusmardi et al., 2007) .
Neutrophil cell activity measurements were conducted using NBT-glass adherent assay. Blood sample 0.1 mL was dropped on the slide and incubated on top of the wet paper at room temperature for 30 minutes. The object glasses
INTRODUCTION
Indonesia is the fourth largest country with an area of tropical peatlands by 26 million hectares. However, the use of tropical peatlands in Indonesia has not developed like the use of peat in subtropical countries. Distribution of peatlands in Indonesia is mostly located in Kalimantan, Sumatra and Papua. In this case, Kalimantan has for about 5.8 million hectares (Wahyunto & Suryadiputra, 2008) . The humic acid compound in peat soil has a very complex structure and it's different for each type of soil. Tropical peat soil in Indonesia has different chemical characteristics from peat soil in a subtropical area (Stevenson, 1994) . Different characteristics of both the humic acids indicate differences in the functions of both the humic acids.
The humic acid compound of subtropical countries was reported be used in various fields such as chemical industry, environment and health. In the health sector, humic acid compounds from subtropical peat soils have been known as an antibacterial, antiviral, antitumor, promote growth and development of livestock and potentially as an immunostimulant (Agazzi et al., 2007; Chen et al., 2003; Kodama & Denso, 2007; Tohid et al., 2010) .
Research on the effect of the humic extract on the immune system, in vitro assay showed increased production of several cytokines (Joone et al., 2003; Junek et al., 2009 ) and improved the adhesion of neutrophils (Chen et al., 2003) . Effect of humic acid from peat Kalimantan through supplementation in fish feed has been done by Rousdy (2013) showed an increase in the total antibody, total leukocyte count and phagocytic activity.
Mammalian immune systems are more complex than Pisces immune systems. Based on the research that has been done before, the study aims to determine the potency of natural immunostimulant of humic acid from peat soil against Wistar rats (Rattus novergicus).
METHODS
The research was conducted by using a completely randomized design with five treatments and five replicates namely a normal control, a positive control using standart immunostimulant drug (isoprinosine) , humic acid doses of 125 ; 250 ; 500 mg kg -1 . Provision of humic acid made orally for 10 days. Measurement of hematologic and immune parameters were done on the 10 th day after being given humic acid.
were washed with PBS solution. One drop of 0.2% NBT was dropped on the slide and the cover slip was placed on it, and then reincubated for 30 minutes. Active neutrophil cells contain bluish granules, while inactive neutrophils do not have bluish granules. In addition, active neutrophil cells are large and spherical. Active neutrophil cells were counted at 400x magnification and displayed in the number of cells per field of view (Ispir & Dorucu, 2005) . Blood samples were kept frozen or clot for 1-2 hours and centrifuged at 3000 rpm for 10 minutes, then the serum (supernatant) was taken.A total of 50 mL of blood serum of mice was diluted into 50 μL PBS on microwell plate. Furthermore, each well was added 50 mL suspension of Staphylococcus aureus and mixed well for 5 minutes, incubated at 37 °C for 60 minute then incubated overnight at room temperature. Positive agglutination was characterized by the formation of white clouds on micro-titration wels (Emelda et al., 2015) .
RESULTS AND DISCUSSION
The humic substance is a major is component of humus in the peat soil. Humic formed from the organic material through decomposition of plants. The humic acid is one of the main constituents of the humic compounds that was soluble in alkaline pH. Giving of humic acid extracted from peat soil to Wistar rats provide some immune enhancement effect.
After being given by the humic acids orally for 10 days, hemoglobin (Hb), total erythrocytes and hematocritare not significantly different between treatment groups (P>0.05) ( Table 1 ) . Hemoglobin value, erythrocytes and hematocrit in humic acid treatment was still within the normal range. The results showed oral administration of humic acid did not cause unexpected side effects. Meanwhile, the number of leukocytes showed a significant difference among humic acid treatments (P< 0.05). The humic acid treatment dose of 125 mg kg -1 showed the highest leukocyte counts than other treatments.
Humic acid treatment provides an increased number of total leukocytes, especially at 125 mg kg -1 dose. Increasing in the number of leukocytes might be caused by the proliferative effect of humic acid on leukocyte through the production of cytokines ( Joone et al., 2003) . Cytokines are proteins that play the role in intercellular communication, especially communication between leukocytes. Cytokines are produced by leukocytes, notably macrophages, which then triggered mobilization and increase the number of leukocytes in the blood ( Janeway et al., 2001) .
Differential leukocyte count showed the percentage of lymphocytes and neutrophils for humic acid 125 mg kg -1 significantly different (P<0.05) from normal controls , isoprinosine and humic acid 250 mg kg -1 and 500 mg kg -1 (Table 2) . Humic acid treatment of 125 mg kg -1 dose gives a higher number of neutrophil and a lower lymphocyte count than other treatment. This means that the 125 mg kg -1 doses can stimulate innate immunity system through increased proliferation of the number of neutrophils. But this dose do not give stimulus to the adaptive immune system is indicated by the lower number of lymphocytes count.
Innate immune system parameter could be seen from the number of active neutrophils and phagocytic index. While, the adaptive immune system parameter could be seen from the number of total antibody. Active neutrophils counted after adduction of humic acid was significantly different from the normal control group, but not (Figure 1a ). Phagocytic index of humic acid treatment was also not significantly different from the isoprinosine but still significantly different from normal controls group ( Figure 1B) . The parameter of immune system results indicated humic acid administration could stimulate the activity of neutrophil and phagocytic index better than normal controls , but not significantly different from standard drug treatment, isoprinosin. Determination number of neutrophils with the NBT-adherent cell method is aimed to determine the active neutrophils. Active neutrophil cells were able to adhesion on vascular intima surface before diapedesis. Microscopic observation of active neutrophil also characterized by the presence many spherical granules in the cytoplasm (Figure 2A ). Neutrophil granules are containing oxidative radicals that kill antigens after phagocytosis (Davies, 1997) .
Neutrophil adhesion process was the first step in leukocytes migration to the site of infection. The results are consistent with Chen et al. (2003) research that humic acid can improve the adhesion of neutrophils to the blood vessels thereby increasing the ability of neutrophil chemotaxis and increase neutrophils pool in the blood. The Chen et al. (2003) also added that the activation of NF-κB cellular signals caused by adduction of humic acid. Activation of NF-κB modulates transcription of genes coding for the synthesis of interleukins IL-2, IL-6, IL-8 and leukocytes cell adhesion molecules (cell adhesion molecule, CAM). Secretion of cytokines was also reported by Vetvitcka et al. (2010) which states that application humic acid with glucan (ratio 1: 1) can stimulate the secretion of six types cytokines IL-2, IL-4, IL-5, IL-6, TNF-α, and MPC-1. Thus, the role of humic acid in improving the adhesion of neutrophils thought to relate to the regulation of signal transduction pathways that neutrophil activation.
Phagocytic cells are the most important cellular components of the innate immune system. Phagocytic activity is a primitive defense mechanism and an important characteristic of the non-specific immune system (Davies, 1997) . Phagocytic activity was shown by phagocytic index. The highest phagocytic index was given by isoprinosin treatment ( Figure 1B) . However, adduction of humic acids could improve phagocytic activity nearly equal with the standard drug, the isoprinosine.
During the process of phagocytosis, foreign antigens (S. aureus bacteria) will attach to specific receptors on the surface of phagocytic cells (macrophages). This process then followed by the ingestion of antigen and formation of the phagosome. Particles in phagosome then destroyed by radical oxidative (ROS) production. Microscopic observation was shown during phagocytosis, macrophages would form pseudopodia and S. aureus bacteria appear in the cytoplasm of macrophages ( Figure 2B ).
Enhancement of phagocytic activity of macrophages by adduction of humic acid might becaused by the production of ROS (reactive oxygen species). Macrophage cells that phagocytes foreign particles would makeincreasing in oxygen consumption (Yuniastuti et al., 2010) . The oxygen is reduced to O 2
• -(radical oxidative) by NADPH oxidase, an complex enzyme found in the plasma membrane of phagocytic cells. The active neutrophils secrete ROSand measured with NBT reduction assay. During phagocytosis, repiratory burst will occur and followed by formation of superoxide anion. Thus reduced NBT and formed blue color formazan that reflected in neutrophil granules.
The humic acid adduction did not stimulate the production of antibodies, although the levels are slightly higher than normal controls. The value of total antibody titers between the control group and the humic acid treatment was not significantly different (P>0,05) (Figure 3) . Specific or adaptive immunity mediated by antibodies production. Antibodies or immunoglobulin include the humoral elements that produce by lymphocytes. Results of this study showed that humic acid did not stimulate antibodies production. The level of antibodies titer did not different among all treatment and control group (Figure 3) . Although, the total antibodies in humic acid is slightly higher than normal controls. This result occurred because the rats had never been exposed to antigen (S. aureus) beforehand. Significant antibody production will occur when the rats produce lymphocytes memory cell by previous infection (Janeway et al., 2001) .
The antibody titer calculation results was consistent with the differential leukocytes count (Table 2) . It showed humic acid adduction of 125 mg kg -1 did not provide an increasing number of lymphocytes that play a role in the formation of antibodies, but is able to increase the number of monocytes that play a role in non-specific immunity. This study indicates humic acid from peat soil was able to stimulus nonspecific immune system which is mainly role by neutrophils and macrophages but does not stimulate specific immune system which role by lymphocytes.The results of this study useful for the development of Borneo tropical peat resources as natural imunostimulant.
CONCLUSION
This research concluded that humic acid adduction had no significant effect on hemoglobin levels, erythrocyte, hematocrit and total antibody. Humic acid adduction dose of 125 mg kg -1 significantly affect the total leukocyte count and differential leukocyte. Humic acid 125 mg kg -1 also showed enhancement of phagocytosis and neutrophil activity and almost same with isoprinosin,as standard immunostimulant drug. This research is expected to provide scientific information about the potential of humic acid as a natural immunostimulant, based on the utilization tropical peat resources.
